Introduction: Combined glucocorticoids and cyclophosphamide pulse therapy showed promising results in moderate-to-severe paraquat poisonings to reduce life-threatening respiratory complications. Its benefit has been observed when given early in the course of poisoning; however, whether its delayed administration remains beneficial is unknown.
INTRODUCTION
Paraquat, or 1,1-dimethyl-4,4-bipyridilium dichloride, is a widelyused herbicide. Moderate-to-severe poisonings may result in acute renal failure, hepatitis, and diffuse alveolitis followed by extensive pulmonary fibrosis. Death resulting from hypoxemia secondary to lung fibrosis usually occurs within 2-3 weeks [1] . In a subgroup of patients who are yet to be defined, case reports and prospective studies have suggested the possible interest of pulse therapy (i.e., high-dose intermittent intravenous infusions) of immunosuppressive treatments. In these studies, cyclophosphamide (15 mg/kg per day for 2 days) administered simultaneously with glucocorticoids (methylprednisolone 1 g/day for 3 days, followed by dexamethasone 30 mg/day for 14 days) was initiated within 24-48 hours after ingestion [2] [3] [4] [5] [6] . Other possibly effective therapies have been suggested, such as oral adsorbents (to decrease paraquat absorption), hemodialysis or hemoperfusion (to enhance paraquat elimination), antioxidant agents (to prevent and scavenge reactive oxygen species or repair induced lesions), and lung transplant [1] . However, their efficacy is questionable and has never been proved in any controlled study. Here we report the case of a paraquatpoisoned patient who survived with limited respiratory dysfunction despite initial indicators of poor outcome. This observation suggests that our patient's good outcome was associated with aggressive supportive treatments and delayed administration of glucocorticoids and cyclophosphamide.
CASE REPORT
A 23-year-old vineyard worker with no significant past medical history ingested 70 mL of Gramoxone solution (20% weight/ volume paraquat) in a suicide attempt. Because of vomiting and abdominal pain 1 hour following paraquat ingestion, he presented himself to a county hospital. Gastric lavage was immediately initiated. Activated charcoal (50 g) and N-acetylcysteine infusion (300 mg/kg per day) were administered within 2 hours of the ingestion. The patient was then referred to our toxicological intensive care unit (ICU) 12 hours after ingestion. On admission, he was febrile (38.5°C) and presented normal vital signs (blood pressure, 130/75 mmHg; pulse rate, 90/min; respiratory rate, 18/min; SpO2, 97%; Glasgow coma score, 15). Physical examination was normal, except for painful erosions in the oral cavity. Laboratory tests showed an elevation of serum creatinine concentration (144 mol/L; N, 50-105) and white blood cell count (18. Gastroscopy revealed esophagitis and erythematous fundic gastritis. Chest radiographs showed a limited left basal alveolar consolidation. Intravenous fluids and amoxicillin plus clavulanic acid (3 g/day) were administered.
The initial urine colorimetric sodium dithionite test showed dark blue coloration. This test is based on the reduction of paraquat by sodium thionite under alkaline conditions to form its stable blue radical ion. Navy blue or dark blue colorations indicate significant paraquat ingestion, while light blue coloration or the absence of color indicates mild poisoning. Serum paraquat concentrations, measured using high pressure liquid chromatography, were: 1.75 g/ml at 4 hours, 0.56 g/mL at 13 hours, and 0.41 g/mL at 24 hours after paraquat ingestion.
Rapidly after ICU admission, respiratory symptoms developed. Dyspnea gradually worsened despite early antibiotics. On day 5, the patient developed respiratory failure with a breathing rate of 50/min and a PaO2/FiO2 ratio of 243 mmHg (N > 350). Noninvasive ventilation with positive end-expiratory pressure under air and nitric oxide (NO) was started, allowing an increase in PaO2/FiO2 ratio (470 mmHg). On day 9, the patient became suddenly agitated, his cardiovascular condition deteriorated (blood pressure, 85/30 mmHg; pulse rate, 130/min), and his PaO2/FiO2 ratio worsened (124 mmHg), subsequently requiring intubation and norepinephrine (0.8 g/kg per minute) support. Chest computed tomography (CT) scans showed extensive bilateral pulmonary infiltrates, consistent with acute lung injury ( Figure 1A ). Given his history, clinical presentation, and PaO2/FiO2 ratio, the patient met the definition of acute respiratory distress syndrome [7] . A Pseudomonas aeruginosa hospital-acquired pneumonia, empyema, and bacteremia were diagnosed and successfully treated with drainage, ciprofloxacine, and ticarcillin.
Four days later, despite fever resolution, reduction in respiratory secretions, vasopressor weaning, and negative blood and pulmonary cultures, all suggestive of severe sepsis resolution, there was no significant improvement in the patient's respiratory function. Thus, due to the severity of the patient's condition as well as to a suspected direct role of paraquat in lung injury, the decision to administer immunosuppressive therapy was undertaken at day 14 (322 hours following paraquat ingestion). The protocol included 1 g methylprednisolone in 100-mL D5W over 1 hour daily for 3 days, 15 mg/kg cyclophosphamide in 100-mL D5W over 1 hour daily for 2 days, and 10 mg dexamethasone every 8 hours daily for 14 days. N-acetylcysteine infusion was discontinued on day 28. A tracheostomy was performed on day 30 and spontaneous ventilation became possible on day 51. ICU-acquired paresis progressively recovered, with residual limb muscle atrophy. The patient was discharged from the ICU on day 72 with residual effort dyspnea. Arterial blood gases at rest on room air were as follows: pH 7.43, PaO2 75 mmHg, PaCO2 46 mmHg, and plasma bicarbonate concentration 29.0 mmol/L. Chest CT scans revealed residual bullous sequelae, predominating in the left lung ( Figure 1B) . Four months after self-poisoning, the patient had no more dyspnea with a forced expiratory volume at 1 s of 2270 mL/minute (55% of predicted values), and pulmonary total capacity of 3830 mL (59%). Chest CT scans were stable. His muscle atrophy improved. One year later, he was employed as a warehouseman and was lost to follow-up.
DISCUSSION
Paraquat intoxication is associated with a high mortality rate, resulting from either multi-organ failure (rapid death in fulminant poisonings) or progressive pulmonary damage (delayed death in moderate-to-severe poisonings). Our paraquat-poisoned patient presented most of the validated indicators of poor outcome, including suicidal ingestion, ingestion of a large quantity (one mouthful of a 20% solution is potentially life-threatening), the presence of gastritis at gastroscopic examination, an early renal dysfunction, and elevated plasma paraquat concentration related to time of ingestion [1, 8] . According to the survival probability employing Proudfoot's criteria [9] or Scherrmann's predictive value of plasma paraquat concentration [10] , this patient was initially classified as likely to die. According to the Hart nomogram [11] , his predicted survival rate was of 20-30%. He was most likely to die from pulmonary fibrosis.
To limit paraquat-induced fibrosis, we chose noninvasive ventilation with positive end-expiratory pressure under air and nitric oxide (10 ppm), adding oxygen when PaO2/FiO2 fell below 200 mmHg. Tracheal intubation was performed when agitation, altered metal status, and signs of discomfort were evident. As previously reported [12] , to assure patient comfort and compliance, we used an open-mask circuit through BiPAP for NO inhalation before intubation. However, this technique did not succeed in preventing worsening of respiratory status on day 9. N-acetylcysteine was administered to our patient because of its suggested moderate protective activity in paraquat poisoning [13] . However, we believe that the role of this glutathione precursor in our patient's survival is doubtful and of no clinical significance.
Immunosuppressive treatments attenuate alveolar inflammation that leads to fibrosis [2] [3] [4] [5] . In moderate-to-severe paraquat poisonings, the early phase of alveolar type I and type II epithelial cell destruction due to NADPH depletion and peroxidation damage is followed by a proliferative phase associating alveolitis, pulmonary edema, and inflammatory cell infiltration [1] . Widespread fibrosis occurs if damage of alveolar architecture is extensive. A recent study demonstrated that a single high-dose dexamethasone administration significantly improved the survival and the lung pathological scores of paraquat-poisoned rats, including reduction in lipid peroxidaton and carbonyl group content as well as normalization of the myeloperoxidase activities [14] . In the paraquat-intoxicated patients, administration of the immunosuppressive therapies is usually initiated as soon as possible, within 24-48 h after admission [2] [3] [4] [5] [6] . In our case, combined corticosteroids and cyclophosphamide therapy was initiated only on day 14 following ingestion, when severe sepsis was controlled. We had considered that the aspiration pneumonia and hospital-acquired infection contraindicated immunosuppressive treatment. Consequently, when sepsis improved, we decided to administer the immunosuppressive treatment, due to the lethal ingested dose of paraquat.
An important question in paraquat poisoning remains when to time interventions in relation to pathogenesis. Both paraquatmediated acute alveolitis and fibrosis may coexist and contribute to severe and fatal hypoxia. Thus, we believe that possible attenuation of paraquat-induced lung inflammation using anti-inflammatory treatments should be considered as long as irreversible fibrosis is not demonstrated. In our patient, respiratory function gradually improved to nearly normal after 4 months of followup. Our case clearly emphasizes the importance of initial alveolitis before the development of pulmonary fibrosis and the therapeutic role of immunosuppressive treatments. Due to the absence of intention-to-treat-based analysis in the previously published randomized clinical trials, the definitive efficacy of these immunosuppressive treatments is still debated [15] . When PaO2 falls below 60 mmHg, repeated courses of immunosuppressive therapies consistently demonstrate reduced mortality rates in severe poisonings [3, 4] . As suggested in other cases of severe poisoning with complete recovery after combined initial pulse therapy [4, 6] , severe lung inflammation rather than fibrosis appears to cause the lethal hypoxemia of paraquat-poisoned patients during their subacute period of intoxication. Here, early and late pulmonary infections may have worsened paraquatinduced injuries.
Patients who survive acute paraquat intoxication may develop pulmonary fibrosis with restrictive pulmonary dysfunction, yet progressively improve over time [16] [17] [18] . As did our patient, the two other reported adult survivors following severe paraquat poisoning treated with combined cyclophosphamide, methylprednisolone, and dexamethasone therapy evolved favorably. One was symptom-free at 3 months postdischarge [3] and the other recovered completely 3 months later [4] . However, in all these patients, no pulmonary function tests were performed during follow-up to exclude mild restrictive respiratory sequelae. In the 15-year-old patient treated with combined therapy for a presumed lethal dose with high serum levels of paraquat [6] , CT scan of the thorax on day 7 revealed areas of pulmonary densification and ground-glass attenuation at the lung base, whereas pulmonary function tests showed alteration in the monoxide carbon diffusion. At discharge on day 22, both tests were normal.
Several points should be highlighted in our observations that may limit any definitive conclusions regarding the role of pulse therapy in our patient's improvement. First, early gastrointestinal decontamination performed within 2 hours following paraquat ingestion may have contributed, although its exact role cannot be definitively assessed. However, further elevated plasma paraquat concentrations as well as early renal dysfunction confirmed that a significant amount of herbicide had been absorbed rapidly despite the decontamination process. Second, although a potential benefit of the pulse therapy is suggested in this report, we cannot rule out spontaneous improvement in the event of a sublethal dose of paraquat having actually been ingested.
In conclusion, our report suggests that delayed treatment of paraquat poisoning with pulse therapy of glucocorticoids and cyclophosphamide, along with aggressive supportive measures and early gastrointestinal decontamination, was associated with our patient's good outcome. However, the optimal regimen and time of administration for these treatments remains to be determined.
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